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Abstract
Background: Exposure to alcohol and illicit substances during pregnancy can have an impact on the child for the
rest of his/her life. A Special Child Welfare Clinic (SCWC) in Norway provides care for pregnant women with
substance abuse problems. Treatment and support are provided without replacement therapy.
Methods: We performed a neuropsychological screening of 40 children aged four to 11 years whose mothers had
attended the SCWC during pregnancy, and of a comparison group of 80 children of women without substance
abuse problems. The children were presented with tests chosen from Wechsler Intelligence Scale for Children, third
version (WISC-III), Nepsy, Halstead-Reitan and Raven’s Progressive Matrices, Coloured Version. The tests were
grouped into five main domains; (1) learning and memory, (2) visual scanning, planning and attention,
(3) executive function, (4) visuo-motor speed and dexterity and (5) general intellectual ability
Results: No children in the study had test results in the clinical range in any domain. Bivariate analyses revealed
that children of short-term substance-abusing mothers (who stopped substance abuse within the first trimester)
had significantly lower test scores than the comparison group in three out of five domains (domain 2,3,4). Children
of long-term substance abusers (who maintained moderate substance abuse throughout pregnancy) had
significantly lower test results than the comparison group in one domain of the test results (domain 1). All but one
child in the long-term group were or had been in foster homes. Most children in the short-term group stayed with
their mothers. Multivariate regression analyses revealed that foster care minimum 50% of life time was associated
with better scores on domains (1) learning and memory, (2) visual scanning, planning and attention, and
(3) executive functions, while no significant associations with test scores was found for substance abuse and birth
before 38 weeks of gestation.
Conclusion: Children raised by former substance abusing mothers scored worse on the neuropsychological
screening than children who had substance abusing mothers and mostly were raised in foster homes. This
indicates that it is important to focus on the environment in cases where help and support are provided to
presently or formerly addicted women raising children.
Background
The offspring of substance-abusing mothers are exposed
to various health risks [1-3]. Prenatal risk factors, such
as substance abuse by the mother during pregnancy and
her general health condition at the time of conception,
can affect the development of the child. A well-docu-
mented risk factor is alcohol abuse, which may cause
fetal alcohol syndrome (FAS) or other fetal alcohol spec-
trum disorders (FASD) [4].
It has been shown that both the amount of alcohol
and the pattern of alcohol use are important when con-
sidering the risk of damage to the fetus [5]. The devel-
opment of children who were exposed to illicit
substances may also be severely impaired and the conse-
quences of prenatal substance exposure in the first years
of life are well documented [6-9]. Drug exposure in
utero may produce transitory effects, which will likely
not be constant across different age groups. Some
* Correspondence: bjorg.hjerkinn@sshf.no
1Addiction Unit/Research Unit, Sørlandet Hospital, Servicebox 416, N-4604
Kristiansand, Norway
Hjerkinn et al. Substance Abuse Treatment, Prevention, and Policy 2010, 5:17
http://www.substanceabusepolicy.com/content/5/1/17
© 2010 Hjerkinn et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.negative effects may not be apparent or testable until
the area of the CNS (central nervous system) underly-
ing the behaviour in question is sufficiently developed
[10]. Various postnatal risk factors resulting from the
hazardous life circumstances of substance-dependent
parents also influence the health outcomes in these
children [11].
The results of prospective studies of the long-term
effect of prenatal substance exposure are inconsistent
[12,13]. Environmental factors can have important influ-
ence on the development of children prenatally exposed
to substances [14-16]. Attention deficit and hyperactivity
disorder (ADHD) is often mentioned during the investi-
gation of children of substance-abusing mothers [17].
However, the diagnosis of ADHD is complicated by the
frequent occurrence of co-morbid conditions, such as
learning disability, conduct disorder and anxiety dis-
order. Children that feel unsafe in their environment
may also develop symptoms that mimic ADHD, and
psychosocial interventions may be the preferred treat-
ment if co-morbid disorders are present [18].
In 1994, the health authorities of the county of Vest-
Agder, in co-operation with central health authorities,
decided to set up a Special Child Welfare Clinic
(SCWC) in Kristiansand, Norway. It started as a project;
however, three years later this endeavour became a per-
manent service. The intention was to provide treatment
and support to substance-abusing pregnant women and
their children. The aim of the treatment was to prevent
adverse effects of substance abuse on the children by
enabling the women to stop substance abuse as soon as
possible, without replacement therapy. The intention
was thus to ensure the children a safe childhood envir-
onment by supporting the mothers. Replacement ther-
apy with methadone or buprenorphine is the current
recommendation for pregnant substance abusers in
many countries [19,20]. However, pregnancy in
substance abusers is not an indication for opioid repla-
cement therapy in Norway. Moreover, there is no avail-
able replacement therapy for substances such as
amphetamines.
The substance-abusing women attended the clinic fre-
quently, their special needs were mapped and an indivi-
dual plan of action was prepared. Substance abusers
who stopped this behaviour before the end of the first
trimester (short-term users) had birth outcomes that
were similar to those of mothers with no substance
abuse, whereas mothers who continued their substance
abuse during pregnancy (long-term users) were more
likely to experience premature birth and give birth to
children with a low birth weight (< 2500 g) compared
with women in the comparison group [21]. It was antici-
pated that frequent appointments at the SCWC after the
child was born would support and help the mother and
provide the children with a safe environment in which
to grow up. The aim of the SCWC was to evaluate the
mothers’ parenting abilities and to provide resources to
guide these women, when necessary.
The purpose of this paper is to present the results of
the neuropsychological screening of children whose
mothers attended the SCWC inK r i s t i a n s a n d .O u ra i m
was to assess whether there were differences in neuro-
psychological performance among the children of
mothers who stopped substance abuse early in preg-
nancy (short-term users), the children of mothers who
continued using substances throughout the pregnancy
(long-term users), and a comparison group of children
of mothers with no abuse of substances. It was antici-
pated that children of short-term users would score bet-
ter on the tests than children of long-term users as the
first group had better neonatal outcome [21]. As most
women attending the clinic were poly substance abusers,
the tests assessed the different types of outcomes that
we thought would be affected by prenatal substance
exposure, based on the literature and our own experi-
ence [22-25]. We designed the tests to capture qualities
such as attention deficit, memory, visuo-motor function-
ing and executive functions. This study was meant to be
a screening and not to represent a complete diagnosis of
the children. It was also important that children of all
ages complete the tests; therefore, we aimed to develop
a tool that was engaging enough to motivate the chil-
dren to complete the tests.
Methods
Participants
During its first eight years of operation, the SCWC in
Kristiansand was in contact with 102 substance-abusing
pregnant women. We searched the diagnosis registers
from the maternity and paediatric wards at the local
hospital for diagnoses of substance addiction, substance
abuse, neonatal abstinence syndrome, convulsions and
cramps. This search revealed that only one such preg-
nancy did not result in contact with the SCWC during
this period.
Of the 102 women, 13 had abortions, two had chil-
dren who were adopted, 27 had only a brief contact
with the clinic and one did not want to participate in
this investigation. The remaining 59 women attended
the SCWC during pregnancy and until their children
were at least two years of age or were placed in alterna-
tive care. The 62 children of these women (SCWC chil-
dren) and 169 children of non-addicted mothers
(comparison group children) constituted the basis of
this investigation. The mothers who had attended
SCWC were contacted by phone and asked if they
would be in the investigation. The comparison group
was chosen randomly from a child welfare clinic located
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located in the centre of Kristiansand. The non-addiction
status of the mothers in the comparison group was
assessed by self report of substance use.
As the purpose of this investigation was to evaluate
the neuropsychological development of the children, we
only included children aged four to 11 years (i.e., born
between 1994 and 2000). Forty-four children in the user
group were born during this period. The mothers of
t w oc h i l d r e nd i dn o tw a n tt h e mt ob et e s t e da n dt w o
c h i l d r e nw e r eu n a b l et op e r f o r mt h et e s t ,w h i c hl e f t4 0
(91%) children in the user group. The study sample of
this report therefore consists of 40 SCWC children aged
four to 11 years and 80 children of the same age, who
were chosen randomly from the comparison group.
The user group was divided into two groups: the
“short-term use group” included women who stopped
the substance abuse before the end of the first trimester
and the “long-term use group” included women who
reduced their substance abuse habits considerably, but
continued to use substances from time to time through-
out the pregnancy.
Selected background data on the 120 children who
participated in the neuropsychological screening are
listed in Table 1. Data on the total material are provided
in previous articles [21,26].
Design
The neuropsychological screening was part of a larger
study investigating pregnancy and birth outcome of
mothers who had attended SCWC. The SCWC women
were contacted by phone and asked if they would be in
the investigation. The comparison group was recruited
by asking parents from a child welfare clinic on the
same premises if they would agree to be in this investi-
gation. For children in school information about the
investigation was sent home with the children and the
parents were later asked if they would agree to
participate.
The SCWC children were exposed to polysubstance
abuse early in pregnancy. The specific amount of sub-
stances used by the mothers was not registered; how-
ever, various substance abuse services were well
acquainted with all of these women and knew that they
all had serious substance abuse problems. In the user
group, 22 women stopped abusing substances before the
end of the first trimester (short-term users). The
remaining 18 women reduced their abuse considerably,
but continued to use substances from time to time
throughout the pregnancy (long-term users). We segre-
gated the substance abuse group in this way because we
had found differences between the two groups regarding
several variables that were registered during pregnancy
and child birth [21]. Comparisons were performed using
children, aged between four and 11 years, randomly
selected from the total comparison group.
Data were collected from the medical records of the
mothers at the SCWC and using a self-administered
questionnaire that was filled in by the mothers or by
foster parents. The neuropsychological screening of the
children was performed by a trained psychologist. In
addition to data from pregnancy check-ups, the medical
records contained the socio-economic data of the
mothers at the time of pregnancy and childbirth.
The substance abuse of the mothers was registered via
self-report while attending the SCWC and was con-
firmed by members of interdisciplinary groups and by
urine specimens submitted during pregnancy. In a few
cases, there was disagreement between self-report in the
questionnaire and the medical records, which often
included urine analyses. The information from the med-
ical records was considered more reliable and was used
Table 1 Background data on the children in SCWC
Short term
n=2 2
Long term
n=1 8
Substance abuse
total
n=4 0
Comparison
n=8 0
n (%) n (%) n (%) n (%)
Biological mothers
Education < 9 years 19 (86) 13 (72) 32 (80) 7 (9)*
Social benefits 8 (36) 12 (67) 20 (50) 0 (0)*
Children
Birth at < 38 weeks gestation 4 (18) 6 (33) 10 (25) 18 (23)
Gender Male 11 (50) 8 (44) 19 (48) 43 (54)
Foster home for min.
of 50% of lifetime
2 (9) 13 (72) 15 (38) 0*
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Maternal age in years 25 (5.2) 25 (5.6) 25 (5.3) 31 (5.1)
Age in years of child when tested 8.1(1.9) 7.7 (1.9) 7.9 (1.9) 8.1 (1.8)
*Substance Substance abuse group/control (Cross table analyses, Pearson chi-squared value) P <0 . 0 0 1
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regarding the pregnancy, birth and birth outcome,
socio-economic issues at the time of screening and sub-
stance use during pregnancy. Births before week 38 was
registered as substance abusers are known to give birth
2 to 3 weeks prematurely [27]. Children born prema-
turely may have poor cognitive development.
Some of the mothers in the comparison group had
experimented with substance use. However, none of
them had problematic use.
Information pertaining to the level of education of the
biological mothers and reception of social benefits at
the time of pregnancy was obtained from the medical
records. In the comparison group, these recordings were
performed at the time of the screening. It was antici-
pated that the women in the comparison group had all
finished junior high school before their children were
born. The level of education was dichotomized into “≤ 9
years” (junior high school) or into “started high school
or higher education”. The social benefits variable was
dichotomized into “yes” or “no"; the “no group” included
being employed full time or part time, studying or being
in work training. Time spent in foster care was regis-
tered at the time of screening. Some children had been
in foster care temporarily. To investigate the influence
of foster care over time, we dichotomized the variable
into having spent > 50% of the life in foster care or not.
The study protocol was assessed by the Regional
Committee for Medical Research Ethics and was
approved by the Norwegian Data Inspectorate. This
study was conducted in full accordance with the World
Medical Association Declaration of Helsinki.
Setting
The testing was performed in 2005 and 2006. The par-
ents of all SCWC and comparison group children pro-
vided written consent to participate in the study. The
parents of children under school age were contacted by
phone and appointments for the screening were made.
A note containing information on the time of testing
w a ss e n tt ot h ep a r e n t so fs c h o o lc h i l d r e n ;w ea l s o
asked these parents whether they wanted to be present
during the screening of their child. We then went to the
school on random days and performed the tests on
pupils chosen at random among those who had agreed
to participate. We stopped recruiting when the size of
the comparison group was twice that of the user group.
This ratio has been shown to strengthen the analysis
[28,29] and was within the limits of this investigation.
The age of the comparison group children was matched
to the SCWC children’s ages.
Children of all groups were tested in the same rooms.
Children under school age were tested at the child wel-
fare clinic; the older children were in the schools. The
tests were administered using the same sequence for all
subjects. Children in the user groups obtained appoint-
ments on the same days as the children in the compari-
son group. The testing psychologist was blinded to the
nature of the groups being tested. All participants were
tested by the same psychologist, who was well experi-
enced in the testing of children. After completion of the
tests, the children were given a small but popular gift
that was chosen from a bag.
Measures
The various neuropsychological tests were selected from
the WISC-III [30], NEPSY [31] and Halstead-Reitan
[32]. Raven’s Progressive Matrices, Coloured Version
[33] were also used.
We aimed to use tests that were validated for children
aged four to 11 years. The raw scores were transformed
into standardized scores using the mean and standard
deviation (SD) of the comparison group in the age ranges
of four to five years, six to seven years, eight to nine years
and 10 to 11 years. For the purpose of the analyses, the
standardized measures of the tests were grouped into five
different cognitive domains, as is often done in neuropsy-
chological investigations of children [34-36], and sum-
mary scores were compiled. The domains were (1)
learning and memory, capturing working memory and
learning; (2) visual scanning, planning and attention, cap-
turing the speed at which visual stimuli are translated
and recognized as something that makes sense; (3) execu-
tive functions, capturing superior integration systems,
ability to adjust and mental flexibility; (4) visuo-motor
speed and dexterity, capturing the ability to synchronize
visual and motor impressions; and (5) general intellectual
ability, as shown in Additional file 1.
The TMT A (trial making test) and TMT B and Visual
attention tasks were too difficult for children aged four to
six years. The domain visuo-motor speed and dexterity
were calculated for children older than six years. For the
younger children, we computed sum scores for the
Grooved pegboard. For the other domains, scores were
obtained from the results available on each child.
The researchers made efforts to ensure that children
with a test profile in the borderline range were in con-
tact with other initiatives.
Statistical analyses
Data were analysed with bivariate techniques (t test and
chi-squared test) (Table 1), ANOVA (Table 2) and gen-
eral linear regression (GLM) (Table 3) using the SPSS
version 16 program. Significance was set at p ≤ 0.05.
Results
No children had test results in the clinical range, which
is considered as > -2 SD, in any domain. In all three
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were in the clinical range.
The average testing time was 60 min (SD, 12 min) in
the long-term use group, 57 min (SD, 10 min) in the
short-term use group, and 56 min (SD, 6 min) in the
comparison group.
No significant differences in testing time were found
a m o n gg r o u p sa st h eA N O V Aa n a l y s i so fd i f f e r e n c e s
showed mean differencelong-term/comparison -0.266, p =
0.700, mean differenceshort-term/comparison -0.176, p =
0.825. None of the groups exhibited differences in even-
tual tendency for vigilance, which is the decline in per-
formance that may occur after a sustained cognitive
demand and may, therefore, influence the test results.
For instance, we found no differences in the results of
tests presented in the beginning, in the middle or at the
end of the sessions.
An ANOVA analysis (Table 2) showed that children
of mothers in the short-term group had significantly
lower test results (i.e., they tested more poorly) than the
comparison group in three domains: (1) learning and
memory, (2) visual scanning, planning and attention and
3) executive functions. The long-term group only had
significantly lower results than the comparison group in
(3) executive functions. No differences were found
between the user groups and the comparison group in
(4) visuo-motor speed and dexterity and (5) general
intellectual ability.
At the time of investigation, 17 (94%) children in the
long-term use group and four (18%) children in the
short-term group had been in foster care. Fifteen (38%)
children had been in foster care for at least 50% of their
lives (Fig. 1). Four children in the long-term group and
two children in the short-term group had been in foster
care for more than a year, but had been returned to
their mother. One child in the long-term group had
been in foster care for less than a year. Three children
who were placed by child welfare services with their bio-
logical father (who had no history of substance abuse)
are included in this percentage. No children in the com-
parison group were or had been in a foster home. The
average age of placement in a foster home was 2.6 years
(SD 1.7 years) in the long-term use group and 3.0 years
(SD 0.8 years) in the short-term use group. All the
mothers who lost custody of their children did so
because of relapse to heavy substance abuse. More
mothers in the long-term use group had support from
social benefits when the child was born compared with
the short-term group, and twelve (80%) of them had
their children in foster care at the time of testing.
Among the children of the 20 mothers who received
social benefits at child-birth, 12 (67%) children had been
in foster care for a minimum of 50% of their lives,
whereas this was true for 13 (72%) children in the long-
term group and for two (9%) children in the short-term
group.
There was a high correlation between long-term sub-
stance use and placement in foster care (Spearman’s
rho, 0.986, p < 0.001). We analysed the test results
using foster care for at least 50% of their lives as the
Table 2 ANOVA analysis of the z-scores of the substance abusing groups and comparison group by cognitive domain
Short term Long term Comparison Short-term/
comparison
Long-term/
comparison
Mean (n) SD Mean (n) SD Mean (n) SD P value P value
Visuo-motor speed and
dexterity
-0.057 (16) 0.627 -0.328 (16) 1.359 0.0 (57) 0.697 0.915 0.358
Visual scanning, planning and attention -0.543 (20) 0.462 -0.172 (17) 1.103 0.0 (80) 0.690 0.010 0.655
Learning and memory -0.702 (22) 0.880 -0.476 (18) 1.012 0.0 (80) 0.682 0.001 0.060
Executive functions -0.810 (22) 0.829 -0.485 (17) 0.799 0.0 (80) 0.708 < 0.001 0.046
General intellectual ability -0.544 (22) 1.352 -0.609 (17) 1.444 0.0 (79) 0.986 0.115 0.111
Table 3 Linear regression analysis of some cognitive domains and registered factors known to have influence on the
development
Environmental factor Learning and memory Visual scanning, planning
and attention
Executive functions
n B 95% CI p B 95% CI p B 95% CI p
Substance abuse Yes 40 -.264 -.687 to .158 .218 .090 -.319 to .499 .665 -.396 -.817 to .024 .064
No 80 0 0 0
Foster care min. 50% of lifetime Yes 15 .506 .016 to .997 .043 .725 .246 to 1.203 .003 .488 0 to .976 .050
No 105 0 0 0
Born before week 38 Yes 28 -.364 -.689 to -.040 .028 -.260 -.566 to .046 .095 -.226 -.549 to .096 .167
No 92 0 0 0
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the children in foster care were not significantly differ-
ent from those of the comparison group, in any domain,
whereas SCWC children living with their biological
mother had significantly lower scores compared with
the comparison group, in the following domains: (1)
learning and memory (difference, -0.772; SD, 0.910; p <
0.001); (2) visual scanning, planning and attention (dif-
ference, -0.633; SD, 0.577; p < 0.001); (3) executive func-
tions (difference, -0.819; SD, 0.834; p < 0.001); and (5)
general intellectual ability (difference, -0.636; SD, 1.41; p
< 0.040). No significant difference was found in domain
(4) visuo-motor speed and dexterity (difference, -0.245;
SD, 1.16; p = 0.404).
General linear regression analyses with the cognitive
domains in which there were significant differences in
the ANOVA as the dependent variables, revealed that
the substance use group was not significantly associated
with the test results in any domain, while being in foster
care was associated with significant better screening
results in all three domains (Table 3). Being born before
38 weeks of gestation were significantly associated with
low test results in the learning and memory domain.
At the time of the testing, four mothers had received
replacement therapy with methadone or buprenorphine;
one (5%) of them was in the short-term group and three
(17%) of them were in the long-term group. Pearson
chi-square 1.61, p = 0.204.
Discussion
The purpose of this study was to investigate the neurop-
sychological outcome of children ages four to 11 years
old whose mothers had attended the SCWC during
pregnancy and the child’sf i r s tt w oy e a r so fl i f e .T h e
screening was designed to capture neuropsychological
functions connected with prenatal substance exposure,
such as attention deficit and learning problems. All chil-
dren had test results in the normal range in all domains.
Some children in both the user and the comparison
groups had test results in the clinical range (> - 2 SD),
but only in single tests. Children of substance-abusing
mothers often have impaired development [6]. The
results of our study with all children scoring within the
normal range of the domains, suggest that the children
benefited from their mother’s attendance at the SCWC,
where emphasis is placed on stopping or reducing sub-
stance use. However, the age range of the children was
wide and they were still quite young (mean age at test-
ing, 7.9 years); adverse effects of substance abuse may
manifest at an older age.
Figure 1 Overview of placement in foster care. Distribution of children of mothers in the short-term user group (bottom) and long-term user
group (top) who were placed in foster care. Age (years) when placed in foster care, years in foster care and years with biological mother for the
children who were no longer in foster care.
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test results between the user groups and the comparison
group. The ANOVA analysis showed significantly lower
test scores in the short-term use group than the com-
parison group regarding the domains (1) learning and
memory, (2) visual scanning, planning and attention and
(3) executive functions. This may point to some dis-
turbed function in children of substance abusers. Test
scores in the lower range of many different domains
indicate impaired development. These three domains
are frequently correlated with attention deficit and
hyperactivity [37,38] and with learning difficulties
[39-41].
The linear regression analyses revealed, however, that
being in foster care for more than 50% of lifetime was
the only factor that was significantly associated with the
screening results in the three domains (1) learning and
memory, (2) visual scanning, planning and attention and
(3) executive functions. Children of mothers in the
short-term use group mostly lived with their biological
mothers and they were probably exposed to a significant
amount of negative environmental factors that may have
disturbed their development. An unsafe environment
may stem from the mother having a limited network, i.
e., few friends who do not use substances, and from the
mother often changing addresses and partners. Lack of
cognitive stimulation may also contribute to a less satis-
factory performance in the neuropsychological
screening.
There was no difference among any of the groups
regarding the time necessary to complete the test or vig-
ilance. This was initially not expected because of the
relatively short time used to perform the test tasks. This
result indicates that all children participated well and
endured the situation surrounding the testing in a satis-
factory manner.
Children of long-term users did not differ significantly
from the comparison group on the test results in the
bivariate analyses, with the exception of “executive func-
tions”. This was in contrast with the neonatal findings,
which demonstrated that long-term users were more
likely to experience adverse birth outcomes compared
with the comparison group [21]. Fetus in the long-term
use group had been exposed to various doses of sub-
stances at irregular intervals throughout the pregnancy.
These children were more often premature and a signifi-
cantly larger proportion of them had a birth weight
< 2500 g. There are few reports on the development
and environmental conditions of children that are pre-
natally exposed to illicit substances, either early in preg-
n a n c yo rf r o mt i m et ot i m et h r o u g h o u tp r e g n a n c y[ 4 2 ] ;
however, different neuropsychological problems have
been observed, such as decreased general cognitive func-
tioning and deficits in learning and memory tasks [6].
One important issue in the recommendation of opioid
replacement therapy in pregnancy is the prevention of
variations in the concentration level of substances as
such variations may cause adverse reactions in the fetus.
In our study, the fetus in the long-term use group had
been exposed to various doses of substances at irregular
intervals throughout pregnancy. However, the substance
abuse during pregnancy was monitored and found to be
considerably reduced, even in the long-term group, and
only one newborn needed treatment for neonatal absti-
nence syndrome [26].
The environment in which children are raised seems
to be one of the most important factors of determina-
tion of their development [11]. Foster homes are
thought to ensure the safety of children and to help
optimize their development. In Norway in 2006 2.6% of
children 0-17 years received help from the Child Wel-
fare System, 0.4% were placed in foster care. Of the
SCWC children, 21 (51%) were or had been in foster
care. This is an indication that the children are born
into an environment of great risk.
The results of the neuropsychological screening indi-
cate that adverse environmental factors had a negative
association with the development of SCWC children
that was as significant as the prenatal exposure to
substances.
In early stages, and primarily before the age of five,
the plasticity of the child’s brain allows responding to a
good and safe environment [43]. The average age of the
children placed in foster care in our study was 2.6 years;
thus, they had the possibility to compensate for prenatal
adverse effects of substance abuse.
The multivariate analyses revealed that being in foster
care were associated with positive test scores in all the
three domains where we found significant differences in
the bivariate analyses. Being born before 38 weeks of
gestation was associated with low test scores in the
domain learning and memory. This might be related to
the adverse birth outcome of the long-term substance
abusing group as mothers who used some substances
throughout pregnancy more often gave birth before 38
weeks of gestation and more often relapsed to substance
abuse after the child was born [21].
We have not measured environmental factors in this
study. However the results indicate that other elements
than the use of substances in pregnancy influence the
development of the children. Other confounding factors
may not have been discovered in this sample.
One important aim of the SCWC is to try to optimize
the development of the children by ensuring them a safe
environment in which to grow up. The close monitoring
of parents and infants in the first years of the child’s life
may have contributed to the discovery of adverse condi-
tions and, thus, was instrumental in placing the child in
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by the child welfare service to continue to provide urine
specimens after the child was born, which allowed the
easy detection of relapse to substance abuse. The sup-
port and guidance of the SCWC, in addition to the help
provided by other initiatives, may have contributed to
the enhancement of the mothers’ parenting skills during
the first years. As the child grows older, the demands
on the mother’s parenting skills change. The child will
challenge the mother in a way that calls for determina-
tion and attention. This might cause stress and relapse
to heavy substance abuse, leading to the need for foster
care for the child.
Also among the short-term users, contact with the
SCWC may have helped identify children living in high
risk environments and mothers’ relapse into substance
abuse. In cases where adverse conditions were sus-
pected, it was, however, often difficult to make the
mother realize that it would be good for the child’s
development if she agreed to receive help and guidance.
In cases where substance abuse or major neglect was
not present, any help was dependent on the mothers’
consent. The test results indicate that children in the
short-term use group had experiences in their environ-
ment that may have had negative influence on their
neuropsychological development. Our study shows that
a stronger effort is needed to follow children who are
being raised by former substance-abusing mothers.
Overall, four mothers had received replacement ther-
apy at the time of the children’s testing. All had tem-
porarily lost custody of their children because of relapse
to substance abuse and got their children back after
being stabilized. Fear of losing their children may be a
reason why the craving for substances is often a pro-
blem that the users try to hide from the SCWC person-
nel. Therefore, replacement therapy rarely becomes an
issue. A more open discussion of this topic may have
been helpful to try to avoid placement in foster care.
In Norway, most of the resources necessary to help
mothers with special needs are available through the
child welfare system. This investigation indicates that it
is of great importance to pay extra attention to a child
of a substance abuser, even if the mother has managed
to stop her substance abuse behaviour. It is crucial to
realize that it is necessary to provide help and support
to the mother to prevent problems for the children as
they grow older.
There were some limitations to this investigation.
There was no randomization and no fixed treatment
program. Randomization was not possible, as each user
who got in contact with the SCWC had to be helped,
for ethical reasons. Pregnant women were given indivi-
dual treatment, according to their needs. Help was also
provided by other institutions, such as the social welfare
system, the child welfare service, substance abuse coun-
selling and community health services or the hospital.
However, SCWC had the main responsibility of follow-
ing up the medical issues related to the pregnancy, and
the clinic had the resources necessary to give the
mothers more attention than is given at an ordinary
child welfare clinic.
Another limitation of this study was that we did not
register the exact amount of substances used during
pregnancy. The women who attended the SCWC were,
however, known to have serious substance abuse pro-
blems, according to various social and substance abuse
services in the community. Urine specimens were used
to confirm the cessation of substance use.
Some environmental factors that might be important
confounders are not in the analysis. All, but one child in
the user groups lived with their mother in single parent
families where the mother often had had several new
partners, while all children in foster homes lived in two
parents families. In the comparison group 20% of the
children lived in single parent families.
The home environment has not been measured in the
study. If adverse environmental conditions were discov-
ered by the SCWC, necessary resources, such as home
based intervention, help with respite care or economic
support to allow the child to be placed in a nursery
school, were provided by the Child Welfare System, if
the mother agreed. Before a child is placed in foster
home, voluntary measures should be tried as long as
there is no direct danger to the child. Most mothers in
the short-term use group did, however, not accept
SCWC’ offers of support.
The home environment in the foster homes was not
measured, but we consider that they offer a good envir-
onment for the child.
The age range of the children was broad. To recruit a
number of children that was sufficient for statistical ana-
lysis, we investigated the first eight years of operation of
the SCWC. We made an effort to use tests that were
validated for the specific age range. Moreover, z-scores
were calculated for different age groups to be able to
compare the results across ages. In the analyses, the age
of the children did not influence the results.
T h es a m p l es i z ew a ss m a l l .W ew a n t e dt oi n v e s t i g a t e
children older than four years of age, as the establish-
ment of special child welfare clinics is now recom-
mended in all municipalities of Norway and little is
known about the development of the children who
attend these clinics. A larger sample size was not within
the scope of this investigation. The significant differ-
ences observed between the groups in the test scores
may be considered as being reliable. However, important
differences may have been overlooked. It is important to
consider our results in the light of the settings of the
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with substance abuse living in Scandinavia is required,
as the treatment is often given in small local initiatives
in these countries.
The strength of this study was that we succeeded in
establishing contact with all but one pregnant sub-
stance-abusing woman within the relevant region, and
that all but two of the children in the target age group
participated in the neuropsychological screening.
Although the identities of the children of substance-
abusing mothers were known to the main investigator,
they were not revealed to the psychologist who per-
formed the neuropsychological screening. We intended
to ensure that the result of the screening was not influ-
enced by the identity of the subjects. However, a fully
blinded investigation was not within the scope of this
research.
We anticipate that initiatives such as the SCWC will
be important to support substance abusing women in
their efforts to stay free of substances and to help and
advise them on how to parent their children. Additional
follow-up investigations are needed to assess how to
prevent impaired neuropsychological function in chil-
dren born and raised by substance-abusing mothers. In
order to help mothers with substance abuse problems to
become better parents a screening of early bonding and
attachment could be of use.G u i d i n g ,f o ri n s t a n c eb y
means of Video-feedback Intervention (for instance
Marte Meo [44]) in order to encourage the mothers to
use “their own strength” to advance and stimulate devel-
opmental processes. If the mother/child attachment is
strong it will be easier for the mothers to make good
decisions regarding the child’s home environment [45].
Conclusions
The children of mothers attending the SCWC scored
within the normal range of the neuropsychological tests
administered between the ages of four and 11. Children
living with their biological mothers, who mostly had
stopped their substance abuse before the end of first tri-
mester, had significantly lower test scores compared
with the comparison group in three domains related to
attention deficit problems and learning problems. The
test scores were better for children living in foster
homes, even if most of these children had mothers who
continued their substance abuse throughout the preg-
nancy and also had more premature births than the
comparison group. This finding suggests that the devel-
opment of the children may be more related to the
environment in which they grow up than to the expo-
sure to moderate amounts of substances during
pregnancy.
Although the early cessation of illegal substances had
a positive influence on birth outcomes the follow up of
mothers and children in the short time users group
seems not to have been sufficient. The health authorities
of Norway recommend the implementation of special
child welfare services in all municipalities, to prevent
the adverse effects of substance abuse by the mothers
on their children, prenatally and post-natally. This study
shows that it is also important to focus on the environ-
ment in cases where help and support are provided to
presently or formerly substance abusing women raising
children.
Additional material
Additional file 1: Test battery used to assess neuropsychological
and intellectual performance grouped by cognitive domain.
List of abbreviations
ADHD: Attention deficit and hyperactivity disorder; FAS: Fetal alcohol
syndrome; FASD: Fetal alcohol spectrum disorder; NEPSY: A series of
neuropsychological tests; SCWC: Special Child Welfare Clinic; TMT: Trail
Making Test; WISC-III: Wechsler Intelligence Scale for Children, third version.
Acknowledgements
We would like to thank The Norwegian Women’s Public Health Association
(Norske Kvinners Sanitetsforening) for help with the funding of this
investigation. We are grateful to Dipl. Psych. Vegard Øksendal Haaland for
valuable help in the evaluation of the results. We also thank Associate
Professor Magne Thoresen at the Department of Biostatistics, Institute of
Basic Medical Sciences, University of Oslo, for valuable help with the
statistical analyses.
Author details
1Addiction Unit/Research Unit, Sørlandet Hospital, Servicebox 416, N-4604
Kristiansand, Norway.
2Institute of Health and Society, Faculty of Medicine,
University of Oslo, P.O. Box 1130 Blindern, N-0318 Oslo, Norway.
3Department of Psychiatry, Sørlandet Hospital, Servicebox 416, N-4604
Kristiansand, Norway.
Authors’ contributions
BH conceived of the study and participated in its design, did the statistical
analyses and wrote the manuscript. She has also been the doctor at the
SCWC since its inception. ML and EOR participated in the design of the
study, helped with statistical analyses and contributed to writing the
manuscript. IS designed the tests, performed the testing and helped in
analyzing the results. All authors have read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 16 February 2010 Accepted: 20 July 2010
Published: 20 July 2010
References
1. Delaney-Black V, Covington C, Ostrea E Jr, Romero A, Baker D, Tagle MT,
Nordstrom-Klee B, Silvestre MA, Angelilli ML, Hack C, Long J: Prenatal
cocaine and neonatal outcome: evaluation of dose-response
relationship. Pediatrics 1996, 98:735-740.
2. Kaye K, Elkind L, Goldberg D, Tytun A: Birth outcomes for infants of drug
abusing mothers. N Y State J Med 1989, 89:256-261.
3. Dew PC, Guillory VJ, Okah FA, Cai J, Hoff GL: The effect of health
compromising behaviors on preterm births. Maternal & Child Health
Journal 2007, 11:227-233.
Hjerkinn et al. Substance Abuse Treatment, Prevention, and Policy 2010, 5:17
http://www.substanceabusepolicy.com/content/5/1/17
Page 9 of 104. Jones KL, Smith DW: Recognition of the fetal alcohol syndrome in early
infancy. Lancet 1973, 302:999-1001.
5. Bailey BN, Delaney-Black V, Covington CY, Ager J, Janisse J, Hannigan JH,
Sokol RJ: Prenatal exposure to binge drinking and cognitive and
behavioral outcomes at age 7 years. American Journal of Obstetrics &
Gynecology 2004, 191:1037-1043.
6. Huizink AC, Mulder EJ: Maternal smoking, drinking or cannabis use
during pregnancy and neurobehavioral and cognitive functioning in
human offspring. Neurosci Biobehav Rev 2006, 30:24-41.
7. Ornoy A: The effects of alcohol and illicit drugs on the human embryo
and fetus. Isr J Psychiatry Relat Sci 2002, 39:120-132.
8. Kaltenbach KA, Finnegan LP: Prenatal narcotic exposure: perinatal and
developmental effects. Neurotoxicology 1989, 10:597-604.
9. Moe V: Foster-placed and adopted children exposed in utero to opiates
and other substances: prediction and outcome at four and a half years.
J Dev Behav Pediatr 2002, 23:330-339.
10. Fried PA: Conceptual issues in behavioral teratology and their
application in determining long-term sequelae of prenatal marihuana
exposure. J Child Psychol Psychiatry 2002, 43:81-102.
11. Ornoy A, Segal J, Bar-Hamburger R, Greenbaum C: Developmental
outcome of school-age children born to mothers with heroin
dependency: importance of environmental factors. Dev Med Child Neurol
2001, 43:668-675.
12. Noland JS, Singer LT, Short EJ, Minnes S, Arendt RE, Kirchner HL, Bearer C:
Prenatal drug exposure and selective attention in preschoolers.
Neurotoxicology & Teratology 2005, 27:429-438.
13. Singer LT, Minnes S, Short E, Arendt R, Farkas K, Lewis B, Klein N, Russ S,
Min MO, Kirchner HL: Cognitive outcomes of preschool children with
prenatal cocaine exposure.[see comment]. JAMA 2004, 291:2448-2456.
14. Accornero VH, Morrow CE, Bandstra ES, Johnson AL, Anthony JC:
Behavioral outcome of preschoolers exposed prenatally to cocaine: role
of maternal behavioral health. J Pediatr Psychol 2002, 27:259-269.
15. Bennett DS, Bendersky M, Lewis M: Children’s intellectual and emotional-
behavioral adjustment at 4 years as a function of cocaine exposure,
maternal characteristics, and environmental risk. Dev Psychol 2002,
38:648-658.
16. Ornoy A, Segal J, Bar-Hamburger R, Greenbaum C: Developmental
outcome of school-age children born to mothers with heroin
dependency: importance of environmental factors. Dev Med Child Neurol
2001, 43:668-675.
17. Elgen I, Bruaroy S, Laegreid LM: Complexity of foetal alcohol or drug
neuroimpairments. Acta Paediatr 2007, 96:1730-1733.
18. Rowland AS, Lesesne CA, Abramowitz AJ: The epidemiology of attention-
deficit/hyperactivity disorder (ADHD): a public health view. Ment Retard
Dev Disabil Res Rev 2002, 8:162-170.
19. Winklbaur B, Kopf N, Ebner N, Jung E, Thau K, Fischer G: Treating pregnant
women dependent on opioids is not the same as treating pregnancy
and opioid dependence: a knowledge synthesis for better treatment for
women and neonates. Addiction 2008, 103:1429-1440.
20. Minozzi S, Amato L, Vecchi S, Davoli M: Maintenance agonist treatments
for opiate dependent pregnant women. Cochrane Database of Systematic
Reviews 2008, , 2: CD006318, [Review] [42 refs].
21. Hjerkinn B, Rosvold EO, Lindbaek M: Neonatal findings among children of
substance-abusing women attending a special child welfare clinic in
Norway. Scand J Public Health 2009, 37:751-757.
22. Linares TJ, Singer LT, Kirchner HL, Short EJ, Min MO, Hussey P, Minnes S:
Mental health outcomes of cocaine-exposed children at 6 years of age. J
Pediatr Psychol 2006, 31:85-97.
23. Accornero VH, Morrow CE, Bandstra ES, Johnson AL, Anthony JC:
Behavioral outcome of preschoolers exposed prenatally to cocaine: role
of maternal behavioral health. J Pediatr Psychol 2002, 27:259-269.
24. Knopik VS, Sparrow EP, Madden PA, Bucholz KK, Hudziak JJ, Reich W,
Slutske WS, Grant JD, McLaughlin TL, Todorov A, Todd RD, et al:
Contributions of parental alcoholism, prenatal substance exposure, and
genetic transmission to child ADHD risk: a female twin study. Psychol
Med 2005, 35:625-635.
25. Talge NM, Neal C, Glover V, Early Stress TRaPSNFaNEoCaAMH: Antenatal
maternal stress and long-term effects on child neurodevelopment: how
and why? J Child Psychol Psychiatry 2007, 48:245-261, [Review] [100 refs].
26. Hjerkinn B, Lindbaek M, Rosvold EO: Substance abuse in pregnant
women. Experiences from a special child welfare clinic in Norway. BMC
Public Health 2007, 7:322.
27. Walton-Moss BJ, McIntosh LC, Conrad J, Kiefer E: Health status and birth
outcomes among pregnant women in substance abuse treatment.
Womens Health Issues 2009, 19:167-175.
28. Cuckle HS, Wald NJ, Lindenbaum RH: Cord serum alpha-fetoprotein and
Down’s syndrome. Br J Obstet Gynaecol 1986, 93:408-410.
29. Altman DG: Practical statistics for medical research. London: Chapman&
Hall 1999.
30. Wechsler D: Wechsler Inteligence scale for children. San Antonio, TX: The
Psychological Corporation, Third 1991.
31. Korkman M, Kirk U, Kemp S: NEPSY: a developmental neuropsychological
assessment. San Antonio: The Psychological Corporation 1997.
32. Reitan RM: Ward Halstead’s contributions to neuropsychology and the
Halstead-Reitan Neuropsychological Test Battery. J Clin Psychol 1994,
50:47-70.
33. Raven J, Raven JC: Raven manual research supplement 3. American
norms. Neuropsychological applications. Oxford: Oxford Psychologists
Press 2000.
34. Baron IS: Neuropsychological evaluation of the child. Oxford University
Press, Inc 2004.
35. Lezak MD, Howieson DB, Loring DW, Hannay HJ: Neuropsychological
Assessment. Oxford university press, Third 1995.
36. Spreen O, Strauss E: A compendium of neuropsychological tests. New
York Oxford: Oxford University Press, Second 1998.
37. Harrier LK, DeOrnellas K: Performance of children diagnosed with ADHD
on selected planning and reconstitution tests. Applied Neuropsychology
2005, 12(2):106-19.
38. Mayes SD, Calhoun SL: Learning, attention, writing, and processing speed
in typical children and children with ADHD, autism, anxiety, depression,
and oppositional-defiant disorder. Child Neuropsychology 2008,
13(6):469-93.
39. Passolunghi MC, Siegel LS: Short-term memory, working memory, and
inhibitory control in children with difficulties in arithmetic problem
solving. J Exp Child Psychol 2001, 80:44-57.
40. Bull R, Espy KA, Wiebe SA: Short-term memory, working memory, and
executive functioning in preschoolers: longitudinal predictors of
mathematical achievement at age 7 years. Developmental
Neuropsychology 2008, 33(3):205-28.
41. Geary DC, Hoard MK, Byrd-Craven J, Nugent L, Numtee C: Cognitive
mechanisms underlying achievement deficits in children with
mathematical learning disability. Child Dev 2007, 78:1343-1359.
42. Huizink AC, Mulder EJ: Maternal smoking, drinking or cannabis use
during pregnancy and neurobehavioral and cognitive functioning in
human offspring. Neurosci Biobehav Rev 2006, 30:24-41.
43. Rapoport JL, Gogtay N: Brain neuroplasticity in healthy, hyperactive and
psychotic children: insights from neuroimaging.
Neuropsychopharmacology 2008, 33:181-197, [Review] [179 refs].
44. Bunder P, Sirringhaus-Bunder A: [Promoting parental competence by
video councelling: The Marte Meo method]. Prax Kinderpsychol
Kinderpsychiatr 2008, 57:330-345.
45. Suchman NE, McMahon TJ, Slade A, Luthar SS: How early bonding,
depression, illicit drug use, and perceived support work together to
influence drug-dependent mothers’ caregiving. Am J Orthopsychiatry
2005, 75:431-445.
doi:10.1186/1747-597X-5-17
Cite this article as: Hjerkinn et al.: Neuropsychological screening of
children of substance-abusing women attending a Special Child Welfare
Clinic in Norway. Substance Abuse Treatment, Prevention, and Policy 2010
5:17.
Hjerkinn et al. Substance Abuse Treatment, Prevention, and Policy 2010, 5:17
http://www.substanceabusepolicy.com/content/5/1/17
Page 10 of 10